Abstract: Basil plant is a common source for linalool and estragole. However, it has been showed that the chemical composition of basil varies considerably depending on many factors including method of extraction, cultivar of the plant or geographical location. In this study, we attempted to extract essential oil from Vietnamese basil and analyze the chemical composition of the obtained oil using gas chromatography-mass spectrometry (GC-MS). The extraction method of choice was microwave-assisted hydro-distillation (MAHD) and the process was optimized with Response Surface Methodology (RSM) with regard to four experimental parameters including raw material size, raw material to water ratio, extraction time and microwave power. The results showed that ground basil leaves, when extracted with optimal conditions of water-to-material ratio of 3.2:1, extraction time of 97 (min) and microwave power of 430 (W), gave the actual essential oil yield of 0.6%. Regarding ANOVA results of the quadratic model, high determination coefficient (R 2 = 0.9077), significant F-value of 10.92 and the p-value of less than 0.05 indicate that this model is significant between experimental and predicted variables, and should be fixed. In addition, GC-MS analysis revealed that major components of Vietnamese Basil were Estragole (87.869%), α-Bergamotene (2.922%), τ-Cadinol (2.770%), and Linalool (1.347%).
Extraction Method
The system for basil oil extraction comprises a domestic microwave oven (model ME71A, Samsung, Ho Chi Minh City, Vietnam), acting as the heat source for extraction, and a Clevenger distillation apparatus (Bach Khoa Ltd., Ho Chi Minh City, Vietnam). The flask containing the plant material is placed inside the oven cavity and is connected to the apparatus outside the oven for condensing and separating the oil and aqueous phase.
Extraction Process
The process of basil essential oil extraction is shown in Figure 1 . First, fresh basil leaves were washed, then cut into pieces with size of around 1 cm or ground in accordance with the experiment. The processed sample was then weighed to 100 g with an electronic scale and introduced into the 1 L flask containing water following a pre-specified water-to-raw ratio. Following that, Clevenger extraction was conducted by the microwave oven. Time is measured immediately after turning the oven on. After the extraction period, the raw essential oil is removed and a small amount of condensate is obtained. Lastly, the extracted oil is dried with Na 2 SO 4 (Sigma-Aldrich, St. Louis, MO, USA) to completely remove the remaining condensate. 
Optimization of the Extraction Process Using RSM Procedure
First, we conduct single factor investigation of four factors including material size, water-tomaterial ratio, time, and microwave power by individually varying one factor while keeping other variables at a fixed value. Based on our acquaintance with the basil essential oil, fixed values were chosen as water-to-material ratio of 3:1, 60 min of extraction time and 450 W of microwave power. Obtained set of values by single factor investigation will then be used in Central Composite Design (CCD) to produce multiple sets of experiment conditions (See Tables 1 and 2 . For CCD results). Following that, 20 experiment attempts will be conducted following the specified conditions to generate the oil yield data for estimation of a second-order quadratic model. Estimation results will be tested with ANOVA (Analysis of Variance) to confirm model validity. Lastly, optimal conditions are calculated from the final model and verified by an actual experiment attempt.
Essential oil yield, measured in %, is determined from the following the formula: Y = V m × 100, where V and m are volume of attained oil (mL) and weight of used basil leaves (g) respectively. CCD, ANOVA and calculation of optimal conditions were executed using Design-Expert software (Stat-ease Inc., Minneapolis, MN, USA). All experimental attempts were conducted in triplicate where the highest value would be recorded. 
Identification of Components by Gas Chromatography-Mass Spectrometry (GC-MS)
To determine the chemical composition in the oil sample, 25 µL of essential oil taken from the optimized process was mixed in 1.0 mL n-hexane and dehydrated with Na 2 SO 4 . The instrument was 
Results and Discussion

Single Factor Investigation
The factors that affect the yield of basil essential oil in the extraction process are shown in Figure 2 . Figure 2a indicated that the yield of basil essential oil increased as the material size decreases. When the basil leaves size changes from whole to ground leaves, the yield of the essential oil increases from 0.2 to 0.5%. This decline could be explained as follows. As the material is cut smaller, cells containing the oil are broken in larger quantities, making water diffusing into the oil sacs of basil more quickly. This rapidly pushes the essential oils out under the influence of microwave energy, leading to higher performance. Therefore, ground basil leaves have been chosen in subsequent investigations.
In the second survey, the water-to-material ratio factor was investigated. From Figure 2b , the extract yield increased from 0.2 to 0.5% when increasing the ratio from 1:1 to 3:1. Since water is absorbed into the material easily, ingredients could be dissolved more efficiently with higher amount of solvent. Therefore, adding more water to extraction process would cause greater diffusion of essential oil into the water, leading to increased yield of the essential oils. However, increasing this ratio from 3:1 to 4:1 caused the yield of the essential oil to decrease from 0.5 to 0.4% because excess water could dissolve or emulsify the oil. Therefore, the ratio of water to raw materials of 3:1 (mL/g) is selected for the best result of 0.5% yield for subsequent experiments.
Similarly, Figure 2c shows the time extraction effect to the yield of basil essential oil. When the extraction time increases from 30 to 90 min, the yield of the extracted essential oil gradually increases from 0.2 to 0.7% at 90 min, but it decreased to 0.4% at 105 min because of denaturation of some substances in the oil caused by prolonged exposure with high temperature. Regarding the effect of microwave power, Figure 2d shows that high microwave power leads to better performance of the extraction, but only to a certain extent, where corresponding yield would decrease thereafter. Increased temperature, caused by microwave-induced movement of molecules, could affect oil yield in two ways. First, magnetic wave heats water within the cells, exerting internal pressure and rupturing Processes 2018, 6, 206 6 of 12 oil glands. Second, high temperature also impairs the surface tension and, in turn, viscosity of water, causing quicker heat transfer from outside into the materials. However, at a very high temperature, some temperature-sensitive substances in the essential oil could decompose, adversely affecting the extraction yield, the oil quality, and the cost of production due to the increased consumption of energy. Therefore, the extraction time and microwave power in the survey were chosen as 90 min and 450 W, respectively.
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Optimization of Experimental Conditions Using RSM
Y = 0.6656 + 0.0343A + 0.0343B − 0.0073C − 0.0125AB − 0.0125AC − 0.0125BC − 0.0696A 2 − 0.0696B 2 − 0.0520C 2 (1)
Results of GC-MS
The results of GC-MS analyses revealing composition of essential oil are given in Table 5 and GC-MS chromatogram obtained for a sample of basil essential oil is illustrated in Figure 5 . At first glance, it is indicated that the Vietnamese basil leaf was rich in estragole, as demonstrated by very high estragole content, at 87.9%, which is followed by α-Bergamotene, τ-cadinol and linalool respectively at 2.922%; 2.770% and 1.347%. Besides genetic differences and nutritional status of the plants, the abundance of estragole constituent in the oil could be explained by the effect of microwave. To be specific, microwave radiation causes polar molecules containing oxygen, such as water and estragole molecules, to spin rapidly. As such, polar compounds in oil bags could easily be separated from the material, leading to higher content. In contrast, hydrocarbons, which are nonpolar, are less prone to magnetic wave and are therefore less likely to be isolated [30] . For α-Bergamotene, τ-Cadinol and linalool, GC-MS results indicated that the presence of these substances is consistent with results from French, Italian, Egyptian and Iranian basil plants. Overall, the abundance of estragole suggests that Vietnamese basil leaf is a suitable material for production of flavoring and smelling agents. Regarding yield, comparison of yields in various studies was showed in Table 4 . We found that optimized yield derived from Vietnamese basil leaves (0.6%) was higher than optimized yield derived from MAHD extraction of Mexican basil leaf (0.45%). In comparison with studies of SFME with no optimization, our yield was also higher. However, it is inconclusive as to whether or not MAHD is more efficient than HD, in regard to basil oil extraction, since the reported yields for HD extraction varied wildly and were at variance with MAHD yields. 
The results of GC-MS analyses revealing composition of essential oil are given in Table 5 and GC-MS chromatogram obtained for a sample of basil essential oil is illustrated in Figure 5 . At first glance, it is indicated that the Vietnamese basil leaf was rich in estragole, as demonstrated by very high estragole content, at 87.9%, which is followed by α-Bergamotene, τ-cadinol and linalool respectively at 2.922%; 2.770% and 1.347%. Besides genetic differences and nutritional status of the plants, the abundance of estragole constituent in the oil could be explained by the effect of microwave. To be specific, microwave radiation causes polar molecules containing oxygen, such as water and estragole molecules, to spin rapidly. As such, polar compounds in oil bags could easily be separated from the material, leading to higher content. In contrast, hydrocarbons, which are nonpolar, are less prone to magnetic wave and are therefore less likely to be isolated [30] . For α-Bergamotene, τ-Cadinol and linalool, GC-MS results indicated that the presence of these substances is consistent with results from French, Italian, Egyptian and Iranian basil plants. Overall, the abundance of estragole suggests that Vietnamese basil leaf is a suitable material for production of flavoring and smelling agents. 
Conclusions
We have successfully applied and optimized MAHD extraction of essential oils from Vietnamese basil leaves. Results from RSM suggested that optimal conditions for this extraction include water to basil ratio of 3.237:1 (mL/g) time of extraction of 97.074 (min), and microwave power of 430.087 (W). After verifying the predicted optimal yield, we determined that the actual yield is 0.6%, which is higher than results of related studies applying MAHD and SFME. GC-MS results also revealed that Vietnamese basil is very rich in estragole. Therefore, it is possible to assert that the combination of RSM and microwave distillation makes the research direction faster, more economical and efficient than traditional methods. 
